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A STUDY OE EACTORS AEESCTING- THE STEADY SPIN 
OE AN AIRPLANE 
By Nathan E. Scudder 

SUMMARY 

Data from, wind- tunnel teats on a model of the NY-1 
airplane we.r.e used in a study of the effect on the steady- 
spin of a number of factors considered to be important. 
The factors were of two classes, mass distribution effects 
and aerodynamic effects. 

The study indicated that mass extended along the lon- 
gitudinal axis has no detrimental effect or is even slight- 
ly beneficial, mass extended along' the lateral axis is det- 
rimental if the airplane spins with the inner wing tip far 
down, and mass extended along the normal axis, if of con- 
siderable magnitude, has a strong favorable effect. The 
aerodynamic effects considered in terms of rolling, pitch- 
ing, and yawing moments added to those for a conventional 
airplane showed that added stable rolling moment could con- 
tribute favorable effect on the spin only in decreasing 
the amount of inward sideslip required for equilibrium; 
negative pitching moment of moderate magnitude has unfavor- 
able effect- on a high-angle-of-attack spin., and stable 
yawing moment has pronounced beneficial effect on the spin 
Experimental data from various sources were available to 
verify nearly all the deductions resulting from the study 
of the curves. 

When these results were considered for the purpose of 
deciding upon the best means to be developed for control- 
ling the spin, the yawing- moment equilibrium was found to 
offer the most promising field for research. The wing-cel- 
lule yawing moment, of which the shape of the chord-force 
curve is an approximate measure, should be made as small 
as possible in the unstable sense and the damping yawing 
moment of the tail should be made as large as possible. 
The most serious unfavorable effect on the damping yawing 
moment of the tail is the blanketing of the vertical sur- 
faces by the other parts of. the tail. 
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INTRODUCTION 



In a- previous study of the steady spin (reference 1), 
it was found that wind-tunnel data obtained in simple force 
and moment tests with a stationary model could be utilized 
with fair success in an analysis of the conditions for e- 
quilibriuu in a steady spin. The wind-tunnel data used in 
that case were obtained on a model of the NY-1 airplane 
tested at angles of attack up to 90°. The data were used 
to predict the angles of attack at which spinning equilib- 
rium would occur in flight by utilizing the method of anal- 
ysis-outlined by Fuchs and Schmidt (reference 2). A com- 
parison of thee e results with flight measurements for the 
NY-1 airplane showed the agreement to be reasonably satis- 
factory. 

The curves derived from these rind-tunnel testB in 
connection with the- previous analysis have subsequently 
been used in a general study of the effect o.f. various fac- 
tors affecting the steady spin. The results of this study 
are presented herein. The -fact that the study is nece.a- 
arily confined to consideration of the conditions of "equi- 
librium, for. the steady spin does not prevent, the rosults ■ 
from be5ng of considerable practical value. In' any steady 
spin the ppposing aerodynamic and inertia forces are in c- 
quilibrium. The dangerous or . uncontrollabl e Bpin ariseB . 
from the fact that this equilibrium cannot be upset by- 
movement of the control surfac.es. By studying, th ? effect 
of variations in the factors that influence, the equilibrium 
conditions, one learns what the relative importance of the 
factors is and what design factors tend to make equilibrium 
impossible. A knowledge of these factors is important for 
all airplanes, because' there must be provision in the form 
of controls to upset equilibrium quickly and. surely before 
the airplane may be considered safo for general use as long 
as there is possibility of equilibrium in_ a spin. It might 
be argued that the problem of -spinning may be solved" by ad- 
justing the properties of the airplano so that entry- into 
a spin would become extremely difficult, as has been accom- 
plished with a fer . airplanes already, but this measure aloat; 
cannot be considered—a complete solution of the probleii. 

The deductions are given in generr.l terms, as trends 
rather, than in terms of specif ic. numerical valuer, an-'i con- 
sequently may be considered as., more or less generally ap- 
plicable to e.ll airplan-s of. conventional form. The effects 
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o.f. all pos-sib-le mass-distribution c'piabinat ions were con- 
sidered fo:r an airplane having hp'r'mal aerodynamic proper- 
ties.. Then, - in order to decide, what,. aerodynamic proper- 
ties of an airplane could "be most 'ef feet iy'ely- improved 
with regard to spinning, the effect's of ' a pure rolling mo- 
ment, pitching moment, and yawing moment - were^considered 
separately. Some special devices tha^.'have teen consid- 
ered important with regard to spinning' "because of the aero- 
dynamic moments they produce are. .also "discussed vory brief- 
ly. . ~ '; ... ■ . . 

METHOD Off ANALYSIS . " _[ : . \ . " J 

The study of the effects to - be cons id erect" £.e~ rein "was 
facilitated, by .the existence of the' curves already, avail- 
able, from .'reference 1 . These curves are reproduced in . . 
figures JL....t r o 6; "inclusive. • The force curves for the 2JY-1 
model (fiig.: I'), and-the normal- and chord-force curves (fig. 
2) ^will •be- iempl.oyed^-eccasionally', but. the rolling-moment"^" 
equilibrium (f-.ig.i' ! 2§ pitch ing-mo me n't equilibrium (fig, -4), 
and yawingrmoment.' equilibrium curves (fig. 5) and the 0 \ 
curves :fpr. equilibrium- of ' three moments (fig. 6) will be. 
used continually in • the discussion. It will be noted that 
the shape of the rolling- and yawing-aerodynamic-moment 
curves is such that more than one intersection denot lag'.' ~ 
equilibrium with the 'gyroscopic moment curves may occur for 
the : same .value of glide-path angle. 3Tor this reason there 
are three rolling-moment equilibrium curves and" similarly, 
two-, yawing-; moment equilibrium curve's oh "figure 6". The •,. 
derivation of the curves was based on strip theory. Tho. ; 
as-sumptions employed are given in .detail 'inT.rbf .eroncos. J,-, 
and 2 « .. The axes employed for expressing "components' of . : 
moment and force were the body axes., as' .these po'incide al- 
most ■ exactly with the principal axes' , t ' t . 

> ■ The use of these curves in finding the effect of a" 
particular factor will be described only briefly, since a 
complete discussion would requite. the .repetition of equa- 
tions given in several previous pap e'rs » V such as reference -1. 
The main steps of the process are.aslf ollows: First, the 
effect of the factor on the aerodynamic ..and gyroscopic mo- 
ment curves is noted. This effect m^y be a shift of the 
aerodynamic . or the gyroscopic moment 'curves for one or more 
axes. : depending on whether the factor introduces aerodynamic 
moments . or- affects the mass distribution. Secondly, the ef- 
fect on the moment equilibrium curves (fig. 6) is studied 
to determine where the new point of intersection will fall. 
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The new values of angle of attack and glide-path angle are 
obtained in this way. If other quantities, such as linear 
velocity or angular velocity, were desired, they could he 
read from the appropriate curves at the angle of attack and 
glide-path angle- found for equilibrium of the three moment 
curves. (See figs. 5 and 6, reference 1.) 

This procedure may become slightly involved if the 
rolling-moment equilibrium curve does not pass through the 
intersection of the pitching- and yawing-moment equilibrium 
curves. The lack of rolling-moment equilibrium, however, 
may be readily compensated for by assuming a small amount 
of inward or outward sideslip, which in turn makes only neg- 
ligible changes to the forces and pitching moment and com- 
pletes the conditions for equilibrium. The damping yawing 
moment originating from the. empennage may be affected seri- 
ously by large changes in sideslip, but for small changes 
in sideslip the change in total yawing moment is probably 
small enough so that, as a working approximation, it may be 
said that failure of the rolling-moment equilibrium curve 
to pass through the intersection of the yawing- and pitch- 
ing-moment equilibrium curves may be entirely compensated 
for by- assuming an appropriate amount and sense of sideslip. 
The question of the effect of large inward sideslip on the 
damping yawing moment' will be discussed later. 

As has been indicated, this method gives, for final 
results, shifts of or the elimination of curves denoting e- 
quilibrium. Obviously the most desirable result would be 
to find a combination of mass and aerodynamic properties 
for. the airplane 'that would make equilibrium of all forces 
and moments, impossible, or in other words, that an inter- 
section of the three moment equilibrium curves could not 
exist nor be made to exist by moderate changes in the va- 
rious parameters of the spin motion. If this ultimately 
desirable result cannot be obtained, combinations of aero- 
dynamic and mass properties will be considered desirable 
when they require that equilibrium occur at relatively low 
values of angle of attack excepting, possibly, extremely 
low values (between stall and 35°). Ordinarily the diffi- 
culties of br'inging about recovery are less acute for air- 
planes that spin- at low values of angle of attack than for 
those that spin at high Values of angle of attack. In ad- 
dition, equilibrium with outward sideslip may be considered 
more favorable to recovery than equilibrium with inward 
sideslip, because the gcowotric orientation of the rudder 
to- the incidont air is less favorable with~inward sideslip 
than with outward sideslip. 
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EFFECT OF MASS DISTRI3UTI0H 

. ."The effect of mass distribution -was studied by noting 
the, effect on the equilibrium of the three moments for all 
the possible changes of mass distribution. The changes of 
mass distribution expressed as ballast added to or ta3cen. 
from the airplane in positions on each of the three aX.es, 
the effect of the mass distribution on the individual mo- 
ment equilibria of each of the three axes, and the Change 
in the equilibrium of all forces and moments are: given in 
table I. These mass distribution changes are considered 
as being made w ith out _ change of the mass centroid of the 
airplane. ' Since the assumed mass changes did not .in any" 
way affect aerodynamic properties, it was only necessary 
to determine how the gyroscopic moment curves were affect- 
ed and what the corresponding changes in equilibrium were. 
The entries in the table include only the simple. increases 
or decreases of ballast because all the other combinations 
may.be derived from these. For example, the effect of add- 
ing ballast on two axes simultaneously is the same as re- 
moving 'ballast from the third. axis for "which the effect 'is 
already given in' the table. This relation is true because 
the gyroscopic moments depend oh the moment- of- inert ia dif- 
ference rather than upon their absolute magnitudes. • For 
the same reason it follows that addition or subtraction of 
the same amount to or from all three of the axes would 
cause no change. Only one of the remaining, combinations 
need be considered; namely, the case of the adaitibh of 
ballast on one axis and removal of ballast from another. In 
this case there are changes for all three gyroscopic moments, 
one of them being changed by the sum of the two moment- of - 
inertia changes. For purposes of the discussion, however, 
it is just as satisfactory to note the effect given in the 
table for each of the separate changes and combine' these 
effect s . 

A study of flight data has been made to determine the 
extent to which the statements of table I have'. been veri- 
fied in flight. Authoritative reports from various sources 
in this country and abroad have been consulted. "The extent 
of this ver if iciation for changes in mass distribution a- 
long each axis will now "be considered briefly. 

The effects of moderate' ext-ens ion's' in the mass "dis- 
tribution along the longitudinal- axis", which- 1 were small de- 
creases in angle of attack and rate "of rotation, have been 
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confirmed in a number of instances. These confirmations 
are to be found in the mass-distribut ion tests on the NY-1 
airplane (reference 1); mass-distribution tests on the 
XN2Y-1 airplane (to be published soon); mass-distribution 
tests on airplanes and flying models tn England (refer- 
ences 3 and 4); and several authentic reports from aircraft 
builders in this country. The same effect as that given 
in the table for retracting the mass distribution along the 
longitudinal axis has been observed in at least one~~authon- 
tic case. 

The effect of extension or retraction of mass along the 
lateral axis is somewhat complicated by the fact that the 
aerodynamic moment- equilibrium conditions have considorablo 
influence on the manner in which this typo of masB distri- 
bution will affect the spin. If the wing axes are practi- 
cally horizontal, the angular velocity in pitch will be 
practically zero and mass-distribution changes along the 
lateral axis will have no influence on the spin. In casee 
where sideslip is such that the wing axes are not horizon- 
tal, there is an important effect on the spin when the lat- 
eral distribution of mass is changed. The results in the 
table are applicable to the usual caso with innor. wing tips 
down. Since no authentic observations of spins with outer 
wing tips down have been made at this laboratory or report- 
ed to us from other observers in this country (with the ex- 
ception of spins with unusual control settings), such a ■ 
case evidently need not be considered further than to note 
that the results would be opposite to those given in the 
table. The results in the table have boon in complete a- 
greemorrt with the results of flight tests with the XN2T-1 
airplane in its normal condition (to be reported soon) and 
with a sharp- loading- odg-e strip installed on the wing© 
(reforonco 5). In the latter tests the wing axis waa hori- 
zontal and no effect was observed whon ballast was put on 
the wing tips. The statements regarding the effect of bal- 
last at the wing tips have also been substantiated by flight 
teBts in England, and if not actually substantiated, at 
least not refuted by tests reported in reference 6. In the 
lattercase,. the attitude of the wings was not reported, but 
it is probably safe, to assume that the inner tips were down 
for the 02E airplane, and that the wing axis was almost 
horizontal for the 01 airplane. This assumption makes the 
results reported in reference 6 agree with all other obser- 
vations on this subject". 

The effects of changes of mass distribution along the 
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, ntfrfiai axis stated in the' table cannot readily he verified 
' b'ecatEse .'of ' lack of flight data. ' ■ it _ is interesting to note, 
'hC.^ey er * that the spinning of a small monoplane with over- 
head engine 'nacelle has "been report ed" to "us to he unusually 
satisfactory. "This mo nop lane. 1 entered tho spin in" a normal 
manner, but'"wouid r'ocover immodiatdly if either 'of tho con- 
trol's 'were eased slightly toward neutral, and with one 
loading condition, it recovered against the controls after 
f our ,t'o six' turns '. ■ Another cafee 'of some interest in regard 
"to this"' sub £ act , which should bo recalled from reference 1, 
relates to the eff oct o'f moving lead weights away from tho 
center of gravity along ; a rod in" the position of the' normal 
axis of^a flying model. In these tests-, "the; '.continued ex- 
tension; of mass distribution along the normal 'axis caused 
the model to spin steeper and steeper uhti-1 finally it 
would not spin at all. 

Tho findings of this study and tho other investigations 
of the effect "of " mass" ' distribution from which data have been 
/drawn" may" "be summarized in terms applicable to design prac- 
tice as follows: " l ' 

(a) The moderate changes of mass distribution 
along the longitudinal ax.is likely to be encountered 
in various arrangements of the structure and loads of 
an airplane of conventional design are not important, 

,. . . and in this case arrangements that tend to make the 
,. extension, of mass along the longitudinal axis' great 
are slightly preferable.. On tho other hand," if the' 
'design 'of an airplane is such that the difference 
( C-A) *"' may be diminished to. less than half the. valuo 
of that char a Ci; or is tic of present conveuTional air- 
plane designs, then such retraction of mass along tho 
longitudinal axis is ve'ry' desirable. A decrease in 
(C-A) of sufficient magnitude to be beneficial is' not 
' possible if an airplane is to have' even" "the same" gen- 
eral appearance as the conventional landplane of today. 

(b) It is'good practice to-have the extens ion^ of 
mass along the lateral axis as small as possible, al- 
though it often does not make any difference. - : • : 

f - - . . • — — — ■ ■ ■ ■ — " ■ — ^ ■ ■ . — ~— — t ■■■ ' ' 

*A., B, and C are moments of inertia in slugr ft . s . about 
the. three airplane axes X, Y, and. ,3, respectively." 
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(c) Little can "be done with mass distribution 
along the normal axis ,that is of sufficient magnitude 
to be important in common airplane arrangement s . If, 
however, the engine is mounted in a nacolle over tho 
wing, favorable effects may be expected ,beca\iso re- 
moving the motor from the— jaoso and placing it some 
distance* abovo tho center of gravity produces a com- 
bined effect large enough to give favorable results. 
The addition of floats to an airplane otherwise simi- 
lar to conventional landplanes nay be expected to af- 
fect the spin unfavorably, partly because the momont- 
of- inertia contribution of the floats :is not great e- 
nough to extend the effect .of mass dist~r~? but ion along 
the vertical azis into the .-favorable range and partly 
because the presence of the -float or floats may un- 
favorably affect tho aerodynamic" pitching and yawing 
moments. Tho importance of the yawing-momcnt of foot 
will be discussed later. In one case at least, that 
of the NY-2 seaplane (single float), the difference 
in moments of inertia (reference 7) between the land- 
plane and seaplane is largely a difference that y.tght 
b9 obtained by adding ballast at the wing tip-s. 



EFFECT OF A-ERODYNAMIO MOMENTS 



The effect of added aerodynamic moments on spinning 
equilibrium may b« found by the method employed for the 
study o-f the effect of mass distribution. In thi3 case the 
primary effect is some arbitrary change of a sot of. aero- 
dynamic-moment curves. This change may in turn produce sec- 
ondary changes in other aerodynamic moments if a chengo in 
sideslip should be introduced, and if many secondary ef- 
fects occur, the conditions become too complex to lead to 
clear conclusions. Fortunately, this complexity does not 
always develop. 

Rollin g momen t.- The effect of addod rolling moments 
is complicated by the effect of rolling moment duo to side- 
slip. Moderate magnitudes of added rolling moment of either 
sense will evidently produce a now spin equilibrium at a 
slightly different attitude and rate of rotation as shown 
by tracing through the effect of sidosrip changos. Owing 
to the large effect on the rolling morac-Mit of practical mag- 
nitudes of— sideslip, fairly large rolling moments are ef- 
fectively compensated for by small changes in angle of side- 
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slip. The magnitude of tills difference in attitude is not 
easily det ermined . f r om the subject curves. Some computa- 
tions "based on comparatively extensive model measurement s 
made in England (reference 8) indicate* that for the air- 
plane studied in those tests a stable rolling moment (op- 
posing the spin) would produce equilibrium at a higher 
angle of attack and higher rate of rotation. It is evident, 
-however, that extraordinarily large stable rolling moments 
would "bring ahout recovery. Such large rolling moments 
could not be produced "by any practical alteration to con- 
ventional airplanes, which leads to the conclusion that lit- 
tle direct benefit could "be derived from added rolling mo- 
ment s . 

There are indirect effects o.f stahle and unstahle 
rolling moments, however, which should "be metioned. The 
outward sideslip characteristic of equilibrium with stable 
rolling moment is associated with an attitude in which the 
wing axis is nearly horizontal. This effect is desirable, 
as mentioned before, unless the outward sideslip i3 so 
great that the outer tip is forced far below' the horizon, 
in which -case equilibrium might occur at high angles of 
attack If (A-3) were negative. • Spins with outer wing tips 
down, however, seldom occur. Unstable rolling moments 
will induce inward sideslip which causes the inner wing 
tip to go down. This is an adverse effect as regard the 
angle of the vertical surfaces relative to. the incident 
wind. If, in addition, (A-B) is positive, equilibrium can 
only occur at high values of. a and Q. If ( A- B ) is neg- 
ative, the effect of decreased damping moment in yaw duo 
to change in angle of the incident air on the vertical 
surfaces is partly compensated for "by the change of gyro- 
scopic moment, with the consequence" that the angle of at- 
tack and rate of rotation for equilibrium are not greatly 
changed. 

Since the magnitudes of the rolling moments considered 
in this part of the discussion are not extremely large, it 
is evident that where unfavorable spinning conditions are 
aggravated by the particular magnitude and sense" of cellule 
rolling moment prevailing, some desirahle effects may "be 
obtained "by appropriate changes in the cellule rolling-mo- 
ment characteristics. Such changes Should be introduced 
by changes .in the cellule arrangement (chiefly stagger in 
biplanes) or section characteristics , since control surV*. 
faces are not well suited to this function at the high-<un- 
gle-of-attack conditions prevailing in the spin. An exam- 
ple of such a change that actually has b'een accomplished . 
is the case of the experiment with "a sharp leading edge in- 
stalled on the wings of the X2T2Y-1 airplane (reference 5). 
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The measurements of sideslip angle showed that the Bide- 
slip was changed from a moderate value inward to a strong 
value outward by the addition of the strips. The docrease 
in angle of attack is to be attributed to other causos" to 
be discussed later under yawing moments. 

Sideslip', as indicated above, plays an important and 
unique role in the equilibrium conditions of the spin. It 
has predominating influence on rolling-moment equilibrium 
without having effects of importance on the equilibrium of 
forces along any of the axes or of the moments about the 
lateral and normal axes. The study of the curves indicates 
that if rolling moment were not generated by sideslip, a- 
bility to reach spinning equilibrium would be a rare, rath- 
er than an almost universal property of airplanes. Trom 
this concision, it follows that if a means of controlling 
the sideslip could be found, mass distribution might be 
adjusted so that spinning equilibrium for many Epical com- 
binations of aerodynamic properties would not bo possiblo, 
which would be a very desirable result. Practically no in- 
formation is available at present to indicate whether an 
appreciable effect, on the rolling moment due to sideslip 
could be' obtained by devices or wing-tip shapoB developed 
for the purpose A preliminary study of_ the question is, 
thorofore, in progress'^" 

P itch ing mo ment .- P itching-moment equilibrium, com- 
pared to the equilibria of moments about the other axes, 1b 
an equilibrium bet-ween* moments of very large magnitude. A 
study of the curves shows that "in the high-angle-of-attack 
range, a moderate increase in aerodynamic pitching moment 
(diving) should cause an ihcreaso in angle of attack and rato 
of rotation for equilibrium. This effect has boon demon- 
strated by the flight measurements with elevator down on 
the HT-1 and X1T2Y-1 airplanes and observed for other air- 
planes. If tho change in aerodynamic pitching moment is an 
extremely largo diving moment but with no important change 
in' the slope of the ■ pit ching-moment curve plotted against 
ang-le of attack, then the equilibrium state may be shifted 
to a low value of angle Of attack. If it were possiblo to 
make the slope of the curvo of aorodynamic pitching moment 
for the subjoct airplane stie-ep in tho angl e- of-at tack range 
of 25° to 45° (of a slope oquivalont to the slope between 
a = 0° and a - 25°), then the pitch equilibrium curve 
wotild be approximately parallel to the two yaw equil ibr ium 
curves and about midway between them. Such an arrangement 
would be ideal f or el iminat ing the possibility of equilib- 
rium in the spin, but the measures necessary for this 
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result would probably iiot be considered practical. Some 
method of delaying the stall of the tail surfaces until 
-very' h-igic values of angle "of attack' had he en"' reached com-., 
binei with unusually large stagger might he effective. 

''^'Stagger ' and' center- of^gravity posit ion. may' ( he consid** 
-tit- 'the light' of the*"' -effect of moderate pitching mo-' 
merits. '-An- exa'minat ion ^jahows . that positive staggqr alone, 

"he cause 'it increases "the' aerodynamic diving moment (ref- 
erences 9" and 10) , leads''' tio" equilibrium at a slightly high- 
er 'i-ingle of attack than would occur for zero stagger when 
pitching moment only. is considered. Similarly it is seen. 

■"that a rearward po sit'ion , of ' center of gravity is slightly , 
"better than a forward one.' It must he remembered that 
positive stagger affects the rolling moment in'a manner 
that might he much mor6 important than the effect here, cit- 
ed, -and that a rearward position of center 5f gravity usual- 
ly has an unfavorable effect on the first stages of tho en- 
try into a spin. The effect of a forward position of the 
ffdnter of gravity has especially conspicuous favorable ef- 
fects- on the entry into a spin if the posit ive pitching mo- 
ment pro due ihie. hy the elevator is inadequate to . cause com- 
plete • stalling '; ■ Instances of this effect .o.f .cent er-pf- 
g'rayity position are £©' be found described..' in references 
11 and 12. 'The effect's* bf'both stagger andt c'enter-6f-grav- 
ity p'dsition as related to pitching moments are small' and 
not worthyof very s er ious cons ideration for the steady 
spin. 

Yawing moment s.- The moments that makeup 'the yawing- 
moment equilibrium are all very small compared with the 
moments about the other axes, and, for other reason^ dis- [ 
cussed later,,' "constitute the most promising' field fo'r re-' 
search directed toward control of the spin;' The effects of 
a pure stable yawing moment (opposing or damping the spin .' 
yawing motion) and a pure unstable moment "are given in th^e' 
following "table. r .'"-; 



' Shift of "yawlhg-momeht '. Change' 'in angle, To'f _a.t~ * . 
equil ibrium curvos tack of steady '.'.sv in". " .' ..' 



Added 
moment 


Low- angle- 
of- at tack 
curvo 


High-angle- 
of-attack ' 
.curve ' V. 


Low-angle- 
6 f- at tack 
curve 


High. ..angle-. • 
of-a'ttack *• .- 
curve 


Stable 


Toward 


Toward low- 


Increase 


Decrease ' 




higher a 


er a 






Unstable' 


Toward '.low- 


Toward " ] 


"Increase' 


. B.e crease.,... ; 




er "' cc ** 


higher a"' 
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It will 136 noticed "that the yawing- moment equilibrium 
curve situated in the low-angle-of~attack range (20° to 
30"°)' on figure 6 gives opposite results to those of the 
corr espohding curve at higher angles of attack. The pos- 
sibility of spinning in the low-angle- of-attack . range de- 
pends on somewhat special conditions as shown by the nature 
of the curve's. Such a condition might be expected also be- 
cause spins in this range are seldom observed. The curves 
indicate that rolling-moment equilibrium could be expected 
only for the smaller values of -7 (glide-path angle) 
provided that equilibrium could' be obtained for the moments 
about the other two axes. Equilibrium of these latter mo- 
ments does not appear to be readily possible for the HY-l 
airplane, but might bo possible with other airplanes. The 
large stable rolling moment at large values of -y is, 
however, characteristic of practically all airplanes. Dur- 
ing the spin tests with the NY-1 airplane, a maneuver, 
which the pilots called a "tight spiral", occasionally re- 
sulted from attempts to enter the spin. This maneuver was 
characterized as a rotating rapid descent with nose almost 
straight down and with very large control forces being re- 
quired to hold the airplane' in the maneuver. It was nover 
continued long enough to determine whether an equilibrium 
state existed. This maneuver may have involved the low- 
angle- of-at tack : yawing-moment equilibrium curve. 

The curves show, as stated above, that a damping .yaw- 
ing moment would lead to. a new state of equilibrium at a 
higher angle of attack and rate of rotation when the angle 
of attack of the spin is within the range of" the low-angle- 
of-attack curve. It is evident, however, that if the damp- 
ing yawing moment becomes large enough, equilibrium would- 
not be possible. Because the magnitudes of these moments 
would be comparatively large, the moment resulting from 
setting the rudder against the spin might, in-many cases, 
be insufficient to eliminate equilibrium, and then the spin 
would continue against the controls. The likelihood, of 
spin equilibrium against the controls is clearly indicated 
by curves for elevator down- assuming the addition of damp- 
ing yawing moment by reversed rudder setting. (See fig. 
15, reference 1.) It appears, therefore, to be necessary 
to apply a very larg-e- damping yawing moment to eliminak-e 
spinning equilibrium in the angle-of-attack range of - the 
low-angle-of-attack yawing-moment equilibrium curve. Of 
course this requirement nright not always be evident because 
recovery might be obt"arined by setting up an oscillation by 
means of properly timed application of moments not neces- 
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sarily as large as those ' required to eliminate e qu il ib r ium 
conditions. 

The effect of a damping yawing moment on the equiTib- 
rium of a spin in the angle-of-attack ra£g$ to which the 
high-angle-of-attack yawing-moment equilibr ium curve ap- 
plies is sli own"" "by the curves to be a decrease "in angle of 
attack and rate of rotation, which are of greater magni- 
tude as the damping yawing moment is increased until equi- 
librium is no longer possible. As damping yawing moment 
is added, the two equilibrium curves come closer together 
Until they meet, and, finally, this point of intersection 
moves to a region on the chart above the pitching-moment e- 
quilibr ium curve. Evidently no spinning equilibrium can 
exist with" sucE a disposition of the curves. The indica- 
tions are that a damping yawing moment sufficient to pro- 
duce as extensive a change in the position of the curves' 'as 
just described would be greater than the suddenly applied 
rudder moment ordinarily required for recovefy. ~ The mech- 
anism suggested in reference 8 indicates that a properly 
timed application of moment might start a series of events' 
resulting in recovery, while an equal moment applied in some 
other manner would merely set up a new condition of spinning. 
Theory suggests, therefore, that the conservative design 
practice w ould consist in providing sufficient damping yaw- 
ing moment by means of fixed parts of the airplane so that 
the undesirable spin characteristics would be eliminated, or 
so that, if possible, spinning equilibrium would "Be eliminat- 
ed. ' ' • — — — ~. . 

Definite experimental verifications for many of the 
proceeding statements regarding the effect of damping yaw- 
ing moments are already available for a few clear cases and 
for a number of other cases if certain reasonable assump- 
tions are made. A case that may be considered definite is 
that of some British tests (references 3 and 13) on an air- 
plane which was reported to be almost entirely uncontrol- 
lable in the spin and which was made easily controllable 
by the addition of^ vertical fin area. The effect of added 
fin area was, as demonstrated by wind-tunnel tests on a 
model of the airplane., to Increase strongly the damping yaw- 
ing moment. The same 'improvement .in spin- charact er ist ics ' 
was demonstrated with a .flying scale model of the same air- 
plane. If now it is assumed that addition of fin area aft 
of the center of gravity will never produce other than 
damping yawing moment (except when no moment whatever is 
produced), all the effects of increasing fin area "may be 
taken as further evidence of the effect of damping yawing 
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moment. A number of such cases observed- during- the course 
of investigations made by the National Advisory Committee 
fo'r Aeronautics or reported from reliable outside sources 
have invariably shown that addition of vertical fin area 
has produced either a decrease in angle of attack and rate 
of rotation or has had no effect. The failure of added-fin 
area to develop afly appreciable damping moment, and corre- 
spondingly to affect the spin, 'is a question of the design 
of the entire tail of the airplane and of the geometry of 
the spin. • ' 

One further topic related to the magnitude of yawing 
mordents of the wings and of the rudder should be mentioned 
at this point. Recent tests on a f 1 ight er- type airplane 
have shown that it is possible to~attain a condition of e- 
quilibrium wi-th the rudder reversed. This state of spin- 
ning was obtained by operating the controls in such a man- 
ner that as little impulse as possible tending to start 
recovery would be prxrducod. It was done usually by a slow 
process of reversing the rudder over a period of several 
turns, but it was possible to make the transition also by 
a very abrupt complete .reversa.1 of the ritddor . . The . equilib- 
rium is quite unstable and— is characterized by low angle 
of attack and extreme inward sideslip. The existence- -of 
this' st~ate of . equil ibrium at a low an£le of attack might 
be expected from the form of the yawing-moment curves of 
figure 5. The curves on this figure are probably repre- 
sentative of the curves for conventional biplanes. An air- 
plane having comparatively ineffective fin and rudder, as 
was true for the fighter- type airplane, probably would not 
generate sufficient damping yawing moment from the fuselage, 
fin, and reversed rudder to exceed the. maximum value of un- 
stable wing moment in the low-angle-of-at tack range similar 
to the value computed for the NY-1 'airplane. 

S ummary of effect of aero d ynamic moments .- The effects 
of the addition of aerodynamic moment's about each of the 
airplane axes when considered with a view to deciding upon 
the most satisfactory mothod of favorably altering or- com- 
pletely upsetting spinning equilibrium may be vory briofly 
outlined from the results of this study as follows: (a) 
Added rolling moment, when of practical magnitudes, would 
usually bring about, a new state of spinning equilibrium to 
be. dist inguished from the original equilibrium state mainly 
by a change in sideslip angle; (b) added pitching moment - , 
in order to have beneficial effect, must be very large in 
the negative s ens e ; - and , ( c ) added damping yawing-moment 
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will, usually . have Detn.6fic.ial effect when of small magni- 
tude and always when of large magnitude'! out even these 
large moments are much smaller, than, the moments considered 
for the other two axes... . ' 

: ...... Drscussipsr 7 



It is evident, of course, that certain measures could 
be employed to produce favorable effects "by altering the 
moments about the rolling and pitching axes, but there are 
no, measures ,which seem as promising as those "of developing 
the best relationships between the components ,of .the yawing 
moment . ThiB problem 'may be diVido.d into two, phase sf" one 
the study of means of avoiding large unstable yawing mo** 
ments arising from the wing cellule throughout the "complete 
range, of angle of attack, and, the other, the design of the 
tail of the airplane to give a large d&mping moment through- 
out the complete angle- of-a'ttack range. The main considera- 
tion iii the first case is that of the nature of the chord 
component of' tho composite collule force "curve's throughout 
the complete range of angle of attack; the second _is main- 
ly a consideration of means of overcoming the blanketing 
of the vertical surfaces that usually 'occurs.' 

With regard to the cellule yawing- moments it is evi- 
dent that when a portion of the chord-force curve has a 
positive slope the wing yawing moment, will be unstable in 
the range of angle of attack in which this portion of the 
.curve governs. -the wing moments. If the chord-f ore e- curve 
slope is zero the wing, yawing moments will be zero, or if 
the slope of the chord-force curve is negative, the wing 
yawing moment will be stable (damp the spin motion). It 
may readily be realized that such moments arising from the 
wings have tho potentiality of being large because the for- 
ces on the wings are large and the moment arms may be very 
large. . The mechanism of the disposition of forces which 
leads to these conclusions is easily understood when it is 
noted that the. outer wing tip ( fig. 7) is usually at an an- 
■gle of attack somewhere between a few degrees below stall 
and a few degrees above stall, whereas the angle of . attack 
of the inner wing tip is in' the range between .50° and 70° 
when the. angle of attack of the center section is between 
40° and 50°, If the chord-force curve is similar to the 
one used in this study (fig. S) , the chord-force components 
along the span could be replaced by a single force at the 
outer tip directed forward along the' chord of the wing for 
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a cons iderable portion of the spinning~angle_-of-at tack 
range. Such a force system is associated with_the unsta- 
ble yawing moments of the wing cellule shown for the_a-n- 
gle of attack range (of the center section) between 20° and 
50° angle of attack in figure 5. If the slope of the chord- 
force curve is zero throughout, the yawing moment will be 
zero, and if the slope is negative, then the force system 
could be simulated by a single force at the outer wing tip 
directed backward, which would give a stable or damping 
yawing moment. 

An analysis of chord forces of various sections and 
cellules was therefore made with such wind-tunnel data as 
exist for high angles of attack. The tests of reference 9 
extending through a 90° angle-of-attack range wero well 
suited for this use, but test~B extending to about 30° angle 
of attack also give some idea of the yawing moments. The 
results of the study indicate that (a) thick airfoils have 
considerable variation of chord force with unfavorable 
slope, (b) thin symmetrical airfoils have practically no 
chord force, (c) an unstaggered biplane cellule is essential- 
ly the same as a monoplane of the same airfoil, (a) stagger 
without decalage and decalage without stagger do no^SBErt eri- 
ally alter the curve from that for the airfoils alone, and 
(e) gap-chord ratios in the usual range have little effect. 

The tests by Fuche and Schmidt (reference 14) show 
particularly interesting results for one combination of 
wing and auxiliary airfoil. Figure 8 reproduces their test 
results for that combination and includes a Bketch of the 
arrangement. It is seen from the chord-force curve that no 
appreciable unstable yawing moment could be produced by this 
combination. Referring to the discussion alreadvgivon with 
regard to yawing-raoment equilibrium, it' is seen that if 
(A-B) is negative (the usual case), then the spin would only 
be possible if the rudder ("or "aileron) could give a yawing 
moment in the direction of the spin (unstable). With con- 
trols neutral, recovery would be imperative. Thus, the ef- 
fect of the auxiliary airfoil, by favorably affecting the 
cellule yawing moment, would eliminate" the possibility of a 
spin with controls neutral, while the "continually rising" 
normal-force curve sought in the FuchB and Schmidt investi- 
gation could' alone only be expected ..to insure that the spin 
would be characterized by a moderate outward sideslip with 
the wing axis practically horizontal. 

One further group of tests should be cited hero bo- 
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cause it gives experimental verification of the effect of 
the shape of the chords-force curvet These were wind-tun- 
nel and flight tests of the effect of adding a sharp lead- 
ing edge to the wings of an airplane and to Clark Y and 
G-ottingen 398 airfoils (reference 5). Figure 9 shows the 
normal and chord-force curves for a Cottingen 398 airfoil. 
The flight tests were made with a Clark Y - II 15 airfoil, 
"but wind-tunnel data show that the sharp leading edge had 
the same effect as on the G-Sttingen 398 airfoil. The re- 
duced variation and positive slope of the chord-force curve 
would indicate reduced unstable yawing moments. Reduced 
unstable yawing moments, according to the above-presented 
discussion of the effect of yawing moments on the spin, 
would cause a decrease in angle of attack and rate of ro- 
tation in the spin. This precisely was the effect on the 
spin found in the flight tests. (See reference 5, part II.) 

In the question of tail design, two serious difficul- 
ties are encountered which complicate the problem of pro- 
ducing damping yawing moments in the spin. First, under 
conditions involving large inward sideslip., the geometry 
hinders the production of damping moment even to the point 
of making zero angle of sideslip at the tail; and secondly, 
blanketing of the vertical surfaces by the other parts of 
the tail greatly decreases, in most common designs, what 
moment might be produced. The problem of the unfavorable 
geometrical relations is not inherent in the tail design, 
but may be solved by so adjusting the wing aerodynamic 
rolling moments that outward sideslip will be required for 
rolling-moment equilibrium. The seriousness of the blan- 
keting effect is clearly shown by the smoke-flow tests 
(reference 15), by the lack of change in the spin resulting 
from removal of the fin of the JTT-1 airplane (reference 1), 
and by numerous other instances, which also could be cited. 
This inefficiency of the vertical surfaces caused by blan- 
keting. may, in a measure, be compensated for by making the 
vertical surfaces very large, but there is urgent need of 
a satisfactory and effective solution of the problem in or- 
der that wing cellules now in common use' may be employed 
without the danger of poor airplane spinning properties. 
The effect of blanketing is of importance to recovery as 
well as to the steady spin, because the efficiency of the 
rudder in producing damping moments is as badly impaired 
as that of the vertical fin. 

Some experiments have already been made that show the 
result of eliminating a large fraction of the blanketing 
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_ , . ... ■ . . . . . h , . •- • • . .■ - - . , , 
( references ,3,.. 4, and 1'3),. The .hlank.eting wag. diminished 
"by, "moving .the horizontal surfaaep; up. t.o a new position at 
t'h'ei. top- of. the 'fin and .ruddier. .The., change greatly imr 
prpve.d. hpth 'th©. steady 'spin, and, 'the- roco'vory. Other and 
po'ssitily" "better methp'ds' for dimin Ashing the effect of blan- 
keting could undoubtedly be found. 

.""' . '.. ' CJO'NdLUSIONS : \ ^ ' 

1. The effects of mass . distribution on the equilibrium 
of the spin. were found t o he: 

.. , (a) Mass extended, along the longitudinal axis, 

has' no detrimental effect 'or is slightly beneficial 
.. f pr variations, pf this factor likely to be enc.puntered 
in conventional designs.. If a mass arrangement corre- 
sponding., to a very great retraction. of the mass along 
the longitudinal axis is possible, beneficial results 
may he. expected. . " " 

(b) Extension of mass along the lateral axis, is 

\ detrimental ' if the' .aerodynamic' properties require that 
; the airplane spin with "th-e inner wing tip down. If 
; this axis is nearly horizontal in the spin, distribu- 
__ti'on of mass along, it has no 'effect. ' 

! (c) "Extension of mass' along the' normal axis may; 
be detrimental if of small magnitude, or v ery" "benefi- 
cial if of large magnitude. 

2. Aerodynamic moments "affect thp equilibrium of the. 
spin as follows: ., "..'.."'" 

(a). Rolling .moment' merely alters .the equilibrium 
condition, the mos-t important difference being a change 
in angle of sideslip.' . ... ' 

..(h) Pitching, moment", .when of practical' magnitudes, 
has .very little. "jef feet o.n the ' .spiij equil i.hr ium. . 

■* *"■""■ ' ' 1 

■ i • , „ ■ • .,-.»- 

(c) Damping yawing "inomsht J w> en of small magnitude 
causes decrease in angle 'of attack and rate of rota- 
tion, for ordinary spins, and when. of large magnitude 

'. prevents 'equilibrium^ . 
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3. Airf o ils . and wing cellules should "be chosen on the 
basis, ,qf the mature of the chord-force curve "as well as on 
the "basis of performance characteristics.' Absence of posi- 
tive slope, or, "better, the existence of negative slope 
throughout the complete angle-of-attack range gives zero or 
stable yawing moments. , , 

4. The damping yawing moment of the tail of the air- 
plane during a spin should be made as large as possible. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, ¥a., August 3, .1933. 
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^Buvibere of rolling ox yawing anwaat equilibrium curvet are assigned In order fro* left to right on figure 6. 
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Figure 3. -Computed aerodynamic and gyroscopic roll- 
ing moment coefficients , elevator up 33° . 
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Figure 4. -Computed aerodynamic and gyroscopic pitching - 
moment coefficients, elevator up 33° . 
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Figure 5 .— Computed aerodynamic and gyroscopic yaw- 
ing-moment coef f icients, elevator up 33° . 
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Figure 6— Equilibrium of three moments elevator up 33° 
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Figs. 7,8,9 




Figure 7.- 
Angle of 
attack at wing 
tips computed 
for NY-1 spin- 
ning conditions 
with elevator 
up 33° 
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Figure 8.- 
Charact er 1 st i'cs 
of wing and 
auxiliary 
airfoil combi- 
nation. (From 
reference 14.) 
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Figure 9.- 
Normal and 
chord- force 
coef f ic ients 
for G5t t ingen 
398 airfoil 
wi thout and 
with sharp 
leading edge. 
(From refer- 
ence 5.) 



10 20 30 40 50 
Angle of attack, degrees 



60 70 80 



